Objective: To identify the presenting features of a laryngeal cleft in children. To compare rigid and flexible endoscopic methods available for identifying laryngeal cleft and determine their utility. Methods: The charts of all patients diagnosed with laryngeal cleft in a tertiary care institution between 2009 and 2010 were evaluated retrospectively for age, gender, comorbidity, presenting features, and results of bedside swallow evaluation. Findings on flexible and direct laryngoscopy, both performed under general anesthesia, were compared. Results: Eleven patients had a diagnosis of laryngeal cleft, confirmed by direct laryngoscopy. Nine of eleven had signs of aspiration on modified barium swallow study (MBSS). Of the eight subjects who underwent flexible laryngoscopy by a pulmonologist, a deep interarytenoid groove was only reported in four cases. In all eleven cases, the arytenoids could be physically separated during direct laryngoscopy, allowing for definitive diagnosis of the cleft and identification of its type and severity. Conclusion: Video swallow studies and flexible laryngoscopy may raise suspicion or even diagnose a laryngeal cleft, however, a laryngeal cleft must be confirmed by direct laryngscopy in which the interarytenoid space is palpated. Furthermore, a patient in whom symptoms persist but no laryngeal cleft is identified on flexible examination should have a direct laryngoscopy to rule out a cleft.
INTRODUCTION
Laryngeal cleft is a rare congenital defect in the posterior larynx, possibly extending into the esophagus. An abnormal communication exists between the airway and the esophagus, leading to increased risk of aspiration.
Laryngeal clefts are described as one of four types. Type I is a deep interarytenoid groove that extends to the level of the vocal folds. Type II extends beyond the vocal folds to the cricoid cartilage. Type III extends past the cricoid cartilage to the cervical trachea. Type IV extends to the thoracic trachea [1] . Laryngeal clefts can be difficult to diagnose. The most common symptoms are reported to be stridor, cough, aspiration, and respiratory distress [2, 3] . In general, a larger cleft will cause more severe symptoms [2] . A barium swallow study or esophagram may show aspiration. An examination of the larynx is necessary for diagnosis. However, a laryngeal cleft can go undiagnosed even on a flexible laryngoscopy or direct laryngoscopy, if the provider is not actively looking for it. The cleft may not be noticeable without an attempt to separate its edges. With direct laryngoscopy, the interarytenoid groove can be palpated and separated to diagnose laryngeal cleft.
Diagnosis of posterior laryngeal cleft is difficult using flexible bronchoscopy, which favors visualization of anterior structures and does not allow thorough probing of the interarytenoid area. There is no literature assessing flexible bronchoscopy for the diagnosis of laryngeal cleft.
METHODS
The charts of all children diagnosed with laryngeal cleft at North Carolina Children's Airway Center between 2009 and 2010 were evaluated retrospectively for age at diagnosis, age at first flexible bronchoscopy, age at modified barium swallow study (MBSS), gender, comorbidity, symptoms, and results of MBSS. Findings on flexible and direct laryngoscopy, generally performed simultaneously under general anesthesia, were compared. Duration between when patients had first flexible laryngoscopy and when they were diagnosed were calculated. Severity of symptoms and MBSS results were correlated to type of laryngeal cleft.
RESULTS
Eleven patients were included in the study ( Table 1) . There were 7 male and 4 female patients. The median age at diagnosis was 124 days with a range from 17 days -17 months. The most common initial symptoms were choking (6/11), noisy breathing (5/11), stridor/wheezing (5/11), and cough (5/11). Most patients had GERD (6/11). Other initial problems included a history of respiratory infections (5/11), failure to thrive (1/11), and frequent otitis media (1/11). Seven of the eleven patients had congenital anomalies, which may have contributed to their presenting symptoms. Images from rigid endoscopy are shown for patients 2 (Figure 1 ), 3 (Figure 2) , and 8 (Figures 3 and 4) .
All patients had MBSS and direct laryngoscopy and eight of eleven patients had flexible endoscopy. On MBSS, nine of eleven patients aspirated. Two of the eleven patients aspirated thin consistencies only, one of the eleven aspirated semi-thick consistency only, and six of the eleven aspirated both thin and semi-thick consistencies. Two patients had no aspiration. All patients with a type II cleft aspirated both thin and semi-thick liquids. For one of these patients, patient 8, contrast was noted to extend from the airway to the esophagus "consistent with a direct communication".
On flexible laryngoscopy, a deep interarytenoid groove was noted on four out of eight patients. Of the four patients who were noted to have a deep interarytenoid groove, two had a type I cleft and two had a type II cleft. Definitive diagnosis of laryngeal cleft was not made by flexible laryngoscopy in any patient. Other commonly diagnosed entities on flexible endoscopy were laryngomalacia (4/8), tracheomalacia (3/8), pharyngeal collapse (3/8), and bronchomalacia (2/8).
Direct laryngoscopy confirmed the diagnosis of laryngomalacia in two out of four cases. Left vocal cord mobility could not be confirmed on one of the patients secondary to the level of sedation. On rigid bronchoscopy, weakness of the left vocal fold was also identified, although there were some fasciculations.
On direct laryngoscopy, all patients had palpation or separation of the interarytenoid groove. Seven patients had a type I laryngeal cleft, in which the cleft extended to the level of the true vocal folds. Four patients had a type II laryngeal cleft, in which the cleft extended beyond the level of the true vocal folds.
The average age at first flexible bronchoscopy was Aspiration of thin and semi-thick consistency n/a 4 m n/a I For patient 3, the diagnosis was made 128 days after first flexible bronchoscopy and for patient 6 it was made 351 days after first flexible bronchoscopy. Patients 8, 9, and 11 did not have a flexible bronchoscopy. The rate of congenital anomalies seen in this study (7/11) is typical of laryngeal cleft patients. 56% of patients with laryngeal cleft are reported to have a congenital anomaly [4] . Additionally, there is a slight preponderance of males in this study (7/11), which is consistent with reported 1.2:1 -1.8:1 male to female incidence [2] .
DISCUSSION
Respiratory symptoms and feeding difficulties are common problems in children. Laryngeal cleft is an uncommon cause that can often be treated surgically. Perhaps owing to its rarity, there may be greater awareness of other problems besides laryngeal cleft which could cause similar symptoms, such as tracheo-esophageal fistula, laryngomalacia, vocal cord paresis, or GERD. Not all patients with respiratory and feeding difficulties will need a direct laryngoscopy, but increased awareness may help prevent this treatable problem from going undiagnosed. All patients undergoing direct laryngoscopy for evaluation of these symptoms should have palpation of the arytenoid area which is essential to definitively diagnose a laryngeal cleft. A rigid bronchoscopy with separation of the cleft may be necessary for further evaluation. Based on the referral patterns of the institution where this study was performed, it is not uncommon for patients to undergo evaluation by a pulmonologist for symptoms of chronic cough.
A direct laryngoscopy should be considered for patients whose symptoms are not improving or who are suspicious for having a laryngeal cleft even if a flexible bronchoscopy without any significant findings has been performed. Patients with prior direct or indirect laryngoscopy in which the interarytenoid space was not palpated, but in whom symptoms are still present despite treatment for other problems, should return to the operating room for direct laryngoscopy to complete evaluation for a laryngeal cleft.
Respiratory and feeding symptoms are often assessed by barium swallow study, which will usually show signs of aspiration if there is a laryngeal cleft. Patients may aspirate intermittently with laryngeal cleft, which could cause a cleft to be undetected with an MBSS [3] . Functional endoscopic evaluation of swallow (FEES) gives the examiner a better sense of the location of the aspiration, however, not all children can tolerate it [3] . Chien et al. suggest both MBSS and FEES be performed because they may provide distinct information. Even if there is no aspiration on swallow study, clinicians should still be suspicious of laryngeal cleft, as with patient 6.
CONCLUSION
Respiratory and feeding difficulties, aspiration on video swallow and the appearance of a deep interarytenoid groove on flexible endoscopy may be able to raise suspicion and possibly even identify a rare laryngeal cleft in patients with otherwise common symptoms. However, a laryngeal cleft and its type must be confirmed by a direct laryngoscopy in which the interarytenoid space is palpated and the cleft can be clearly defined. This is especially important in type I clefts, in which signs and symptoms may be less severe and the cleft does not extend below the vocal folds. Rigid bronchoscopy may be necessary to diagnose type I clefts, but it is also important in evaluating the extent of longer clefts, the severity of which cannot be evaluated with laryngoscopy alone.
